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Abstract Uia~sified

ABSTRACT

Electric ignition elements Mk 2. Mk 4, and Mk 6 have been

exposed to gamma radiation from a cobalt-60 source. Dosages
ranged from 1.75 x 106 to 78.23 x 10 roentgens. The effect of
this irradiation on the sensitivity of the elements in terms of
time-to-ignition was variable. The Mk 6 elements showed a gen-
eral tendency toward decreased sensitivity; the Mk 2 elements
showed less tendency toward decreased sensitivity; and the Mk 4
elements showed an increase in sensitivity.
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EFFECT OF GAMMA IRRADIATION FROM
A COBALT -60 SOURCE UPON THE SENSITIVITY OF

ELECTRIC IGNITION ELEMENTS MK 2, MK 4, AND MK 6

A testing program has been conducted to determine the

effect of gamma irradiation on electric explosive devices (EED). This
report covers the results of testing irradiated Mk 2, Mk 4, and Mk 6
electric ignition elements. The Mk 2 and Mk 6 elements contain 90 mg
of FFFG black powder and an ignition charge of lead styphnate and cel-
lulose nitrate in a 50:1 ratio. The Mk 4 element contains 200125 mg
ignition charge of lead styphnate and graphite in a 96:4 ratio. The bal-
ance of this 325-mg element is black powder. The sensitivity of EED's
after they had been given dosages of from 1.75 X 105 roentgens to
78.23 x 105 roentgens was compared to that of similar EED's that had
received no irradiation. The cobalt-60 source used in this work was
obtained from the Brookhaven National Laboratories, Upton, New York,
(see Reference I for description) and was calibrated April 15, 1957, as
1330 curies, with an intensity of radiation along the central axis of
the source of 568,000 roentgens per hour. Assuming the half life of
cobalt-60 to be 5.2 years, the dosage rate for the exposure of these
EED's was computed from the Radiological Health Handbook. (2) The
dosage was then calculated by multiplying the dosage rates so obtained
by the time of irradiation.

EXPERIMENTAL

When an explosive is placed in a radiation source, the hazard
cannot be predicted in advance. Possibilities exist that the substance
might ignite and explode within the source or may become sensitive
to handling during subsequent tests. For this reason, preliminary
tests were carried out by placing an EED in an iron capsule and
giving it an exposure in excess of any contemplated during the series
of tests. Such a test having given reasonable assurance of safety,

the EED's were packed in cylindrical aluminum canisters in groups
of 10 to 30 and in such a way that all would receive equal irradiation
when the canisters were lowered by chain hoist into the source.
Exposures ranged from a few hours to a few days.

I



TMR 191

Both the irradiated and the nonirradiated EED's were fired in
the ramp-firing equipment devised by Phillips and Klein. (3) The
effect of irradiation on the sensitivity of the EED was determined by
the increase or decrease of the firing time (tf) for the various irradi-
ation doses. Th firing time (tf) (see Figure 1) Is the time from the
moment the current is initiated in the bridge wire (A) until the instant
when the blast from the squib takes place (B). The former is deter-
mined by the recording galvanometer in the firing circuit and the
latter by the time when the photoelectric cell detects the flash from
the squib. Time until the squib blast might also be determined by
measuring to the instant at which a break (C) is found in the firing
line curve, except that the bridge wire of the EED does not always
break or fuse at the instant of the explosion of the EED.

Figure 2 shows the arrangement of the essential items of appa-
ratus used in obtaining the firing data. On the table top at left is a
C. E. C. Recorder (A) with its attached camera (B) while in the center
is the fire control box (C) and at the right, fabricated partly of plexi-
glass, is the safety firing chamber (S), its door (R), and firing cir-
cuit interlock (P,Q). Within the firing chamber is a massive steel
and lead firing block (I) with holes drilled to hold the various squibs
and other EED's. The white dot (J) is an EED positioned for firing.
The EED lead wires are attached to the alligator clips (0), and
when the door (R) is closed these are connected by interlocks (P,Q)
to the firing line which is energized by the switch (E). In front of
the table, supported on a small shelf is a photoelectric cell (L) and
its accompanying voltage supply (M). Wires (N) lead from the photo-
electric cell to the galvanometer (A). The window of the photoelectric
cell (L) faces the EED (J) from outside the transparent front wall
of the safety firing chamber (S).

The EED (J) is mounted securely in the vertical member of
the massive steel and lead firing block (1). A smaller central hole
behind (T) permits the insulated lead wires to be drawn through to
make connections with firing-line alligator clips at (0). A safety
feature of this firing arrangement is the safety chamber where the
firing circuit from (C) terminates at (G); two lines from this point,
one leading to the voltmeter (H) and the other to the interlock (P,Q)
on the door (R) give indication of the presence of voltage in the
door (R) at the interlock (P,Q) which would cause the squib to fire
if the door was closed.
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Pressing on the button (D) and pushing switch (E) forward sets
the camera into operation and after a millisecond delay applies voltage
to the firing line to explode the EED.

On a shelf below the table are storage batteries (T) which supply
the following approximate d-c voltages: the recorder, 24 volts; the
firing-box relay, 48 volts; the firing line, 68 or more volts. Batteries
are kept charged by a selenium recharger (U).

RESULTS AND CONCLUSIONS

From the graphs and the tabulated data given in Figures 3,
4, and 5, it will be observed that the roentgen dosages range from
1.75 X 105 to 78.23 × 105 roentgens and that the effect of these dos-

ages on the firing time of the squibs is extremely variable. The
Mk 6 ignition elements show a general tendency toward decreased
sensitivity, as shown by the increased time to ignition; the Mk 2
elements show less tendency toward decreased sensitivity. In the
case of the Mk 4 ignition elements, however, the sensitivity increases
and no explanation for the difference is available. It should be noted
that the range over which these elements were exposed exceeds that

which they would probably experience in combat conditions save near
ground zero in an atomic blast. (4) The data here presented indicate
that in so far as hazard due to irradiation of gamma rays from
nuclear installations is concerned, any such installation which is
sufficiently shielded for safety of personnel would be adequately
safe for electric explosive devices such as those here considered.
Hence, we can say that there appears to be no hazard in the trans-
port of EED's in atomic-powered craft from the standpoint of gamma

irradiation.

5



TMR 191
0

co

00

ogo

0 "V w03--

00

~~4tc N 4t

00"0

0 00

0 PL0

00

0 0 0)V
P-44

0 guog Ownsum

60



TMR'191

H 4 0

N4J ~.- oC Lf 0 N C)

04

a- 0 "o m~

ulf

E-

00

rz
W

(SPU009s) alull 2ugjl 7



TMR 191

Z0 m

'U -4z

rz

0 CY, 0 0 0-4

'-4 4) U;O 161w

'

C

-4

0 0C0D 00
a'r cc'0n

(sCoes
(SPU60s)exal 2Vf!1U

8



TMR 191

REFERENCES

(1) Bernard Manowitz. v, Facilities for Gamma Irradiation. ,,
Nucleonics. 11:18-20 (1953).

(2) U. S. Department of Health, Education, and Welfare. RADIO-
LOGICAL HEALTH HANDBOOK. Compiled and edited by Simon
Kinsman. January 1957. p. 104.

(3) U. S. Naval Propellant Plant. A RAMP-TYPE TESTING CIR-
CUIT FOR ELECTRIC EXPLOSIVES DEVICES. By A. H. Klein
and T. D. Phillips. Memorandum Report No. 155. 3 November
1958. UNCLASSIFIED

(4) U. S. Atomic Energy Commission. THE EFFECTS OF NUCLEAR
WEAPONS.. Washington, D. C.: U. S. Government Printing Office.
June 1957..

9



DISTRIBUTION LIST

Addressee Copy no.

Naval Propellant Plant
(Archives copy)

U. S. Department of the Interior
Bureau of Mines
4800 Forbes Street
Pittsburgh 13, Pennsylvania
Attn: Marjorie P. Benoy, Repts. Librarian

Explosives Research Laboratory 2

National Aeronautics & Space Administration
1520 H Street, N. W.
Washington 25, Do C.
Attn: Chief, Division of Research Information 3-9

Commander
Air Force Flight Test Center
Edwards Air Force Base, California
Attn: FTRS 10

Commander
Wright Air Development Division
Wright-Patterson Air Force Base
Ohio
Attn: WCLJC 11

Commander
Air Proving Ground Center
Eglin Air Force Base
Florida
Attn, Technical Library 12

Commander
Air Force Ballistic Missile Division
Hq. Air Res. and Dev. Command
P. 0. Box 262
Inglewood, California
Attn: WDSOT 13



Commander
Armed Services Tech. Information
Agency
Arlington Hall Station
Arlington 12, Virginia
Attn: TIPCR 14-23

Commander
Air Force Flight Test Center
Edwards Air Force Base, California
Attn: FTRP. 24

Commander
Air Force Missile Development Center
Holloman Air Force Base
New Mexico
Attn: MDGRTL, Technical Library 25

Commanding General
Aberdeen Proving Ground
Maryland
Attn: Ballistic Research, Laboratories

ORDBG-BLI 26-27

Commanding General
USA Ordnance Arsenal, Frankford
Philadelphia 37, Pennsylvania
Attn: Propellant and Explosives

Section, 1331 28-29

Commanding Officer
Ordnance Office
Duke Station
Durham, North Carolina 30

Commanding Officer
Picatinny Arsenal
Dover, New Jersey
Attn: Library 31-32



Commander
Army Rocket and Guided Missile Agency
Redstone Arsenal
Alabama
Attn: Technical Library

ORDXR-OTL 33-36

Commanding General
White Sands Missile Range
New Mexico
Attn: ORDBS-OM-TL 37-39

Commanding Officer
Radford Arsenal
Radford, Virginia . 140

Commanding General
Ordnance Ammunition Command
Joliet, Illinois
Attn: ORDLY-AREL, Engr. Library 41,

Commanding Officer
Diamond Ordnance Fuze Laboratories
Washington 25, D. C.
Attn: ORDTL (012) 42

Commander
Army Ballistic Missile Agenc3r
Redstone Arsenal, '.Arab ama
Attn:- ORDAB-HSI 43

Bureau of Naval Weapons
Department of the Navy
Washington 25, D. C.
Attn: DLI-3 44-4

Bureau of Naval Weapons
Department of the Navy
Washington 25, D. C.
Attn: RMMP-2 46



Bureau of Naval Weapons
Department of the Navy a

Washington 25, D. C.
Attn: RMMP-331 47

Commander
U. S. Naval Weapons Laboratory
Dahlgren, Virginia
Attn: Technical Library 48

Commander
U. S. Naval Ordnance Laboratory
White Oak
Silver Spring, Maryland
Attn: Library 49-50

Commander
U. S. Naval Ordnance Test Station
China Lake, California
Attn: Technical Library Branch 51-53

Director
U. S. Naval Research, Laboratory
Washington 20, D. C.
Attn: Chemistry Division, Code 6130

R. R. Miller 54

_Bureau of Naval Weapons
Department of the Navy
Washington 25, D. C.
Attn: CS 55

Department of the Navy
Office of Naval Research
Washington 25, D. C.
Attn: Code 426 56

Bureau of Naval Weapons
Department of the Navy
Washington 25, D. C.
Attn: SP-27 57



Radiation Effects Information Center
Battelle Memorial Institute
505 King Avenue
Columbus 1, Ohio
Attn: Richard E. Bowman 58-60

Atomic Energy Commission
Washington, D. C. 61-63

Thiokol Chemical Corporation
Redstone Division
Huntsville, Alabama
Attn: Technical Director 64-65

Reaction Motors Division
Thiokol Chemical Corporation
Denville, New Jersey

Attn: Librarian 66

Aerojet General Corporation
P. 0. Box 296
Azusa, California
Attn: Librarian 67

British Joint Services Mission Via:
The BNS/MOSS Scientific and Bureau of Naval Weapons
Technical Information Section Department of the Navy
P. 0. Box 680 Washington 25, D. C.
Benjamin Franklin Station Attn: DSC
Washington, D. C.
Attn: Technical Information Officer 68-71

Defence Research Member Via:
Canadian Joint Staff (W) Bureau of Naval Weapons
2450 Massachusetts Ave., N. W. Department of the Navy
Washington 8, D. C. Washington 25, D. C.

Attn: DSC 72-75

Dr. Charles S. Waring
Asst. Technical Director of Research
U. S. Naval Ordnance Test Station
China Lake, California 76



Monsanto Chemical Company
Special Projects Department
Everett, Massachusetts
Attn: Dr. Lucius Gilman 77

Commander
Wright Air Development Division
Wright-Patterson Air Force Base
Ohio
Attn: WCLTRP 78

Commanding Officer
Office of Naval Research
1030 E. Green Street
Pasadena 1, California 79

Atomic Energy Commission
Office of Technical Information Extension
P. 0. Box 62
Oakridge, Tennessee 80

U. S. Naval Ordnance Laboratory
Corona, California
Attn: Code 44 81

Polaris Project Management Office, NPP 82

Quality Assurance Department, NPP 83

Production Department, NPP 84

Research and Development Department, NPP 85-101

Naval Propellant Plant Files .102-106



0 +0

08 4 4 '4 W0 4

pqP44

Zc -* Z 0

A 0

00

zoz wz z-

0 0

0

> 0>

'. . 4. )
0 .2.) * d 0

.0 5A0
Z Z z z co

4 w P4F- -I P- -

- C~ - ~4 C

0 0 0 0

04 0 04

ZI 0 Z

pq-4 4

H00 c", 0 40

A~~~ -4_ _ _ _ __4_p 0_ _



W 0

bD -9 Cd bO 4

0 0  m .0 W 0

cd Id ''0 ED d *

..0 Cd > v o o 0> "

w 00 000 Mx

0q w. 0 m 0~ U0.,0..

'0 o -

.0-0C Cd .U1U4O

.t- 0 4 - 4


